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A B S T R A C T   

Due to consumers growing concerns about synthetic preservatives, essential oils (EOs) come into the focus of 
pharmaceutical and food applications as natural alternatives because of their inherent antimicrobial activity. 
However, EOs food applications have been challenged by their strong aroma that adversely affects consumers 
acceptability. In this study, EOs of Zingiber officinale (ginger), Syzygium aromaticum (clove), and Thymus vulgaris 
(thyme) were extracted and assessed for their potential use to produce cheese with high degree of microbial 
safety and sensory acceptability. Phytochemical profiling showed camphene and zingiberene as major constit-
uents in ginger oil, whereas thymol and eugenol represented the chief volatiles in thyme and clove, respectively. 
The EOs antimicrobial activity against seven strains of pathogenic and spoilage bacteria, yeast and mold revealed 
MIC of 0.001%. Additionally, studied EOs demonstrated interesting safety profile displaying good to very weak 
cytotoxicity on human hepatocellular carcinoma (HepG2) with CC50 6.31–452.95 μg/mL and very low cyto-
toxicity on normal human lung fibroblasts (WI-38) with CC50 728.94–841.66 μg/mL. Sensory characterization of 
EOs-fortified laboratory manufactured fresh soft cheese displayed scores significantly higher than control sam-
ples (P < 0.001) in relation to overall acceptability. Viability study of Methicillin-resistant Staphylococcus aureus 
(MRSA) and Pseudomonas aeruginosa in fortified cheese matrix showed complete reduction of S. aureus at the end 
of first and second weeks of storage of thyme and ginger fortified cheese, respectively, and about 50% reduction 
of P. aeruginosa by the end of storage period. This study opens interesting new perspectives for the agro-industrial 
applications of EOs as natural preservatives.   

1. Introduction 

Recently, food industries have faced great challenges to produce safe 
food with higher keeping quality in relation to the nutritional values and 
sensory characteristics, taking into consideration the increasing con-
sumers awareness of the drawbacks of synthetic chemical preservatives 
usage in food. In this context, essential oils (EOs) have become one of the 
rising natural substitutes, due to their approved inherent antibacterial, 
antifungal, antioxidant, antiviral, antiparasitic, and insecticidal prop-
erties (Aumeeruddy-Elalfi et al., 2015; Adlard, et al. 2016; Sendanayake 
et al., 2017; Ibrahim & Moussa, 2021). In the light of these aspects, EOs 
applications in food industries have received growing interest knowing 
that many EOs are generally recognized as safe (GRAS) by the US food 
and drug administration (FDA, 2016). 

EOs are complex mixtures of phenylpropenes, terpenes, and other 
volatile constituents. Among them, phenolic compounds e.g. thymol, 
carvacrol and eugenol have been recognized for their potent antimi-
crobial activity through penetration of bacterial membranes and inhi-
bition of functional lipophilic cellular targets (Boskovic et al., 2015; 
Chouhan et al., 2017). EOs composition of a given plant can vary 
depending on the geographical origin, phenological state, and prepa-
ration method which leads to variation in chemical makeup and thera-
peutic potential (García-Díez et al., 2016; Ibrahim & Moussa, 2020; 
Ibrahim & Moussa, 2021). Therefore, efficacy and safety assessment of 
food preparations containing plant extracts or EOs should be 
extract-specific. 

Lamiacece, Zingiberaceae and Myrtaceae are among the plant fam-
ilies rich in EOs. Zingiber officinale Rosc (ginger) is a Zingiberaceae 
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perennial aromatic plant recognized for its rhizomes, being among the 
most widely used spices. In many ethnic medicine systems, especially 
Ayurvedic, Unani and Chinese traditional medicines, the fresh and dried 
ginger rhizomes were prescribed for sprains, cramps, rheumatism, 
gingivitis, sore throat, cough, cold, dyspepsia, gastritis, gastric ulcera-
tions, nausea, vomiting, loss of appetite and other gastrointestinal dis-
orders (Haniadka et al., 2013). Most ginger ethnomedicinal uses were 
corroborated through pharmacological studies (Haniadka et al., 2013; 
Mashhadi et al., 2013; kumar Gupta & Sharma, 2014). The 
health-promoting perspective of Zingiber officinale, which can be 
attributed to its antioxidant and anti-inflammatory properties, makes its 
EO, oleoresin, and extracts ideal food additives (Mashhadi et al., 2013). 
Ginger EO possesses the distinct aroma of the spice without its pungency 
since the pungent principles are non-volatile. Antimicrobial efficacy of 
ginger oil was proven against both gram-negative and gram-positive 
bacteria viz. Escherichia coli, Staphylococci, Proteus species, Salmonella, 
and Streptococci as well as mycotoxigenic fungal pathogens such as 
Aspergillus parasiticus, A. flavus, A. niger, Rhizoctonia solani, Fusarium 
oxysporum, and Mycoderma species (kumar Gupta & Sharma, 2014; 
Azzat et al., 2016). Additionally, zingiberene, ginger main EO constit-
uent, has been recently used as a key element in many oral cavity 
products due to its anti-inflammatory and antimicrobial potential 
(Chopra et al., 2019). 

Thymus vulgaris L. (common thyme) is a Lamiaceae herb indigenous 
to the Mediterranean region where it presents a long history of tradi-
tional uses to treat whooping and spasmodic cough, cold, respiratory 
tract infections, sore throat, tonsillitis, colic, dyspepsia, and intestinal 
infections and infestations (Kuete, 2017, pp. 599–609). With seven 
identified chemotypes showing significant spatial segregation in nature, 
Thymus vulgaris L. is a chemically polymorphic culinary, aromatic, and 
medicinal herb. The dominant terpenes in these chemotypes are gera-
niol, α-terpineol, sabinene hydrate, linalool, 1,8-cineole, carvacrol or 
thymol (Samah & Hoda, 2021). 

Syzygium aromaticum (L) Merr. & L.M. Perry (Clove), a Myrtaceae 
taxon, is known for its aromatic odor and spicy taste which are mainly 
attributed to its major volatile constituent, eugenol (Kaur & Kaushal, 
2019). The flower buds of clove are one of the most valuable spices, and 
an integral ingredient in the Mediterranean cuisine. S. aromaticum was 
reported to possess outstanding antibacterial, antifungal, antiprotozoal, 
anti-inflammatory, anesthetic, and insecticidal effects (Batiha et al., 
2020). Moreover, clove EO demonstrated neuroprotective, potent anti-
hyperlipidemic and powerful antioxidant activities superior to the syn-
thetic antioxidants BHA and BHT and even better than α-tocopherol and 
Trolox in terms of DPPH radical scavenging (Batiha et al., 2020; Gülçin 
et al., 2012; Kumar et al., 2016). 

Growth of many food-borne, and food spoilage microorganisms can 
be prevented by a variety of plant phenolic compounds that are classi-
fied as GRAS substances (Asensio et al., 2015; Zhang et al., 2016; Burt, 
2004; Mendonca et al., 2018; Moro et al., 2013). However, the obtained 
in vitro results cannot be extrapolated to food due to the complexity of 
food matrix which involves the presence of intrinsic and extrinsic factors 
that interfere with compounds’ bioactivity. One of the intrinsic factors 
that alter the effectiveness of the natural antimicrobial agents is the lipid 
and protein content of the food which can wrap the microorganism, 
resulting in physical barrier formation that prevents the contact with the 
bioactive compounds, hence, reducing its effectiveness (Calo et al., 
2015). Therefore, higher concentrations of EOs are required to reach the 
same effect in a food. Nevertheless, this is challenged by odor and taste 
impact (Burt, 2004; Ghabraie et al., 2016; Varghese et al., 2020). 
Consequently, it is necessary to determine EOs MIC with the acceptable 
sensorial level to assess their application prospect in food industry 
(Turgis et al., 2012). 

Taking into consideration the scarcity of reports covering the 
exploitation of EOs especially ginger oil in cheese which is one of the 
most popular dairy products, the present work was conducted to shed 
light on the antimicrobial effect of ginger, clove and thyme EOs against 

Methicillin-resistant Staphylococcus aureus, E. coli, Enterococcus faecalis, 
Pseudomonas fluorescens, multidrug-resistant Pseudomonas aeruginosa, 
Aspergillus parasiticus and Candida albicans after extraction and chemical 
profiling by Gas Chromatography - Mass Spectrometry (GC-MS). Addi-
tionally, the impact of the studied EOs on the sensory properties of 
fortified fresh soft cheese was evaluated. Viability of S. aureus (patho-
genic model) and P. aeruginosa (spoilage model) in ginger and thyme 
fortified cheese matrix during the storage period of 1 month at 4 ◦C was 
assessed. To get insights into EOs safety, their cytotoxic effects against 
the hepatocellular carcinoma HepG2 cell line, and human normal lung 
fibroblasts WI-38 were estimated. 

2. Material and methods 

2.1. Plant material 

The fresh rhizomes of Zingiber officinale, the fresh aerial parts of 
Thymus vulgaris, and the dried flower buds of Syzygium aromaticum were 
obtained from a local market in Cairo, Egypt and authenticated by 
Therese Labib, plant taxonomist at the Ministry of Agriculture, Egypt. 
Voucher specimens were deposited at the herbarium of Pharmacognosy 
Department, Faculty of Pharmacy, Ain Shams University for referencing 
(PHG-P-ZO-330, PHG-P-TV-329 and PHG-P-SA-331). Immediately after 
purchase, the plant material was frozen until use. Plant material pro-
cessing was optimized to maximize EO yield. Prior to hydrodistillation, 
ginger rhizomes were crushed in distilled water (1:1) and microwaved in 
a kitchen-type microwave for 3 min at 200 W. EO extraction efficiency 
was enhanced by sonication in ultrasonic bath for 2 intervals, 10 min 
each. 

2.2. Essential oils extraction 

EOs were prepared by hydrodistillation for 2 h using a Clevenger- 
type apparatus as recently published by Ibrahim and Moussa (2020). 
The yield was evaluated in triplicate based on initial fresh/dried plant 
weight (yield % v/w). 

2.3. GC-MS analysis 

Gas Chromatography - Mass Spectrometry (GC-MS) analysis was 
carried out to reveal the compositional profile of the studied EOs ac-
cording to the method previously published by Ibrahim and Moussa 
(2021) using a Shimadzu GCMS-QP2010 gas chromatograph-mass 
spectrometer (Kyoto, Japan) equipped with Rtx-5MS fused bonded 
column (30 m × 0.25 mm i.d. x 0.25 μm film thickness) (Restek, Bel-
lefonte, PA, USA) and a split–splitless injector. Initial column tempera-
ture was set at 45 ◦C for 2 min, increased to 300 ◦C at a rate of 5 ◦C/min 
and maintained for 5 min at 300 ◦C. Injector temperature was kept at 
250 ◦C. Helium (carrier gas) flow rate was set at 1.41 mL/min. Samples 
were diluted to 1% v/v and injected with split mode (split ratio 1: 15). 
The sample volume was 1 μL and was injected automatically with 
AOC-20i autosampler. GC-MS data were processed using GC solution® 
2.4 (Shimadzu Corporation, Kyoto, Japan). Peaks were first deconvo-
luted with AMDIS software (www.amdis.net). Identification was per-
formed by comparing the mass spectra and retention indices with the 
National Institute of Standards and Technology (Food & Administration) 
library, Wiley Registry of Mass Spectral Data 8th edition and the 
literature. 

2.4. Minimum inhibitory concentration (MIC) 

The examined strains of S. aureus ATCC43300 (32 × 107 cfu), P. 
aeruginosa 27853 (32 × 107 cfu), A. parasiticus EMCC274 (5 × 106 cfu), 
the isolated & molecular identified strain of E. coli (31 × 106 cfu) from 
dairy origin by PCR, E. faecalis (5 × 106 cfu), P. fluorescens (85 × 107 

cfu), and C. albicans (31 × 106 cfu) were prepared and counted on the 
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specific media for each strain according to the method cited by Ahmed 
et al. (2014). MIC values of the tested EOs against these strains were 
performed using the agar diffusion method according to Burt (2004). 

2.5. MTT cytotoxicity assay 

The cytotoxic effect of studied EOs was assessed against the hepa-
tocellular carcinoma HepG2 and human normal lung fibroblasts WI-38 
cell lines using MTT (3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyl tetra-
zolium bromide) assay according to Denizot and Lang (1986) as recently 
described by Ibrahim and Moussa (2020). Briefly, a single layer of cells 
was established by inoculation of 1 × 105 cells/mL in a 96-well culture 
plate, and incubation at 37 ◦C for 24 h followed by rinsing. Two-fold 
dilutions of EO samples were prepared using 2% serum RPMI media 
from which 0.1 mL was added to each well keeping 3 wells as controls. 
After incubation, signs of cells intoxication were recorded. MTT solution 
(20 μL of 5 mg/mL in PBS) (Bio Basic, Inc., Canada) was then added to 
each well and plate was incubated for 4 h. The amount of formazan 
derivative was quantified spectrophotometrically at 560 nm. The 
background at 620 nm was subtracted. A standard curve was plotted and 
IC50 was determined graphically as the concentration required for 50% 
inhibition of viability.  

Cell viability (%) = mean OD/Control OD × 100                                        

2.6. Sensory characterization of fortified fresh soft cheese 

The impact of EOs on sensory properties of fortified fresh soft cheese 
was assessed according to the method cited by Lamiaa (2016). Labora-
tory manufactured fresh soft cheese fortified with 3% NaCl and the EOs 
(seven groups; ginger fortified cheese with 0.01%, ginger fortified 
cheeses with 0.05%, clove fortified cheese with 0.01%, clove fortified 
cheese with 0.05%, thyme fortified cheese with 0.01%, thyme fortified 
cheese with 0.05% and control group without EOs) were stored in brine 
solution with 7% NaCl at 4 ◦C/one month and examined from the curd 
after manufacture as zero time and every week during the storage 
period. 

2.7. Viability of S. aureus and P. aeruginosa in inoculated fortified fresh 
soft cheese 

The influence of thyme and ginger EOs on viability of selected strains 
of pathogenic bacteria viz. S. aureus and spoilage bacteria viz. P. aeru-
ginosa inoculated into fresh soft cheese was evaluated (to investigate the 
effect of EOs only apart from the effect of cheese starter culture in 
ripened cheese). 

2.7.1. Preparation of inoculated fresh soft cheese 
Fresh soft cheese was prepared after the method cited by Lamiaa 

(2016). Eight liters of raw milk were heated to 80 ◦C for 10 min (Lab-
oratory pasteurization), cooled immediately in an ice bath to inoculation 
temperature of 32 ◦C, the exact amount of rennet as described by the 
manufacturer. CaCl2 at a rate of 0.02% as maximum and the tested or-
ganisms (P. aeruginosa, 8 log10/mL & S. aureus, 4 log10/mL) were added 
and stirred for 5 min. Milk was then divided into two parts; the first part 
(Test groups: cheese inoculated with S. aureus and fortified with thyme 
0.01%, cheese inoculated with S. aureus and fortified with ginger 0.01%, 
cheese inoculated with P. aeruginosa and fortified with thyme 0.01% and 
cheese inoculated with P. aeruginosa and fortified with ginger 0.01%), 
followed by stirring while the second part was left as control group 
(inoculated with the tested microorganisms without fortification with 
EOs). The two parts were then left undisturbed at 32 ◦C/40 min in a 
thermostatically controlled water-bath till curd formation. Whey was 
drained off through a cheese cloth by a light pressure; curd was then 

distributed into one cylindrical mold with holes. Cheese was pressed 
overnight at 20 ◦C using 0.015 kg/cm2 pressure to drain excess whey. 
Cheese was stored in sterile distilled water at 4 ◦C for one month. 
Samples were examined from the inoculated milk and curd after 
manufacture as zero-time, 48 h, and every week during the storage 
period. 

2.7.2. Enumeration of the tested organisms 
Enumeration of the inoculated microorganisms was carried out ac-

cording to American Public Health Association “APHA” (2004). Dupli-
cate plates of Baired-Parker medium supplemented with egg yolk 
tellurite and Pseudomonas agar base were inoculated with 0.1 mL from 
the prepared tenth fold serial diluted samples. Inoculated plates were 
incubated at 35 and 25 ◦C for 24–48 h for counting S. aureus and 
P. aeruginosa, respectively. 

2.8. Statistical analysis 

All experiments were carried out in triplicates, and the average re-
sults were calculated and recorded using SPSS Version 17.0 software. 
Comparing the results of sensory evaluation and the effect of storage 
period and the type of EOs used in treatment on the bacterial viability 
were applied using repeated-measures analysis of variance (ANOVA) 
and one-way analysis of variance (ANOVA), respectively. Kruskal-Wallis 
H and Mann–Whitney U tests were conducted when data was not nor-
mally distributed. Significance was set at P-value < 0.05. 

3. Results and discussion 

Food spoilage is one of the most significant challenges facing food 
industry. Moreover, the emergence of resistance to most synthetic 
antimicrobial agents necessitates the use of smart and more effective 
preservation strategies based on multiple components to control food 
contamination and deterioration. Exploitation of EOs in the food in-
dustry is on the rise because of their complex nature which involves the 
interplay of multiple mechanisms of action and synergistic interactions, 
thus, preventing the development of microbial resistance (Pateiro et al., 
2021). 

3.1. Chemical profiling of essential oils 

Hydrodistillation is the conventional method for EO extraction. 
However, the method is challenged with high energy and time con-
sumption. To meet low-cost requirements for large scale production and 
improve EO extraction rate and efficiency, microwave and ultrasound 
plant processing were employed for ginger rhizomes prior to hydro-
distillation for 2 h which makes the scale-up of this technique feasible. 

A total of 82 compounds were identified in ginger rhizomes EO from 
two geographical origins, Egypt and Brazil accounting for 100% and 
99.77% of the oil, respectively. As illustrated in Table 1, the major 
compounds were camphene, zingiberene, 1,8-cineole, β-phellandrene, 
α-pinene and α-curcumene, with EO yield of 0.18 and 0.22% (v/w) in 
Egyptian and Brazilian variants, respectively, about 10–29% superior to 
Chinese and Saudi ginger cultivars (Al-Dhahli et al., 2020) and 9–11 fold 
higher than Malaysian ginger varieties (Sivasothy et al., 2011). While 
monoterpene and sesquiterpene hydrocarbons were almost equally 
distributed in Brazilian ginger EO, the sesquiterpene hydrocarbons 
predominated in the Egyptian variant in favor of oxygenated mono-
terpenes and sesquiterpenes (Fig. 1). This oscillation in monoterpenes 
and sesquiterpenes content in ginger EO has been previously reported 
and can be attributed to genetic, agroclimatic or developmental factors 
(Nampoothiri et al., 2012; Sivasothy et al., 2011). Egyptian ginger EO 
was mainly composed of zingiberene, camphene, β-phellandrene and 
β-sesquiphellandrene, which constituted collectively more than 80% of 
the EO, whereas the major constituents of the Brazilian ginger oil were 
camphene, zingiberene, 1,8-cineole, β-phellandrene, α-pinene and 
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Table 1 
Chemical profile of volatile constituents in Zingiber officinale (ginger), Thymus vulgaris (thyme) and Syzygium aromaticum (clove) EOs.  

N◦ Metabolitea RT (min) RI expb RI litc Area% 

Brazilian ginger Egyptian ginger Thyme Clove 

1 Methyl 2-methylbutanoate 3.73 784 783 – – 0.06 – 
2 Hexanal 4.16 799 799 0.07 – – – 
3 2-Heptanone 6.4 880 880 0.02 – – 0.05 
4 2-Heptanol 6.66 890 890 0.09 – – – 
5 Tricyclene 7.23 910 911 0.22 0.11 – – 
6 α-Thujene 7.38 916 916 – – 0.41 – 
7 α-Pinene 7.6 924 924 5.51 3.05 0.64 – 
8 Camphene 8.08 941 941 17.1 19.87 0.3 – 
9 Sabinene 8.8 967 967 0.08 – – – 
10 β-Pinene 8.89 971 971 0.4 0.1 0.21 – 
11 1-Octen-3-ol 9.01 975 975 – – 0.51 – 
12 Sulcatone 9.26 984 984 1.57 0.02 – – 
13 β-Myrcene 9.36 988 988 1.85 0.69 0.43 – 
14 Sulcatol 9.45 991 992 0.05 – – – 
15 3-Octanol 9.5 993 993 – – 0.06 – 
16 α-Phellandrene 9.74 1001 1001 0.46 0.19 0.09 – 
17 3-Carene 9.93 1007 1007 0.03 – – – 
18 α-Terpinene 10.13 1014 1014 0.02 – 0.73 – 
19 p-Cymene 10.4 1023 1023 0.03 – 33.8 – 
20 D-Limonene 10.51 1026 1026 – – 0.59 – 
21 β-Phellandrene 10.58 1028 1028 7.41 6.86 – – 
22 1,8-Cineole 10.65 1030 1030 11.04 5.04 0.86 – 
23 trans-β-Ocimene 10.81 1037 1037 0.01 – – – 
24 2-Heptanol acetate 10.96 1040 1043 0.05 – – 0.08 
25 γ-Terpinene 11.47 1057 1057 0.12 – 2.65 – 
26 1-Octanol 11.89 1070 1070 0.02 – – – 
27 α-Terpinolene 12.39 1087 1087 0.49 – 0.04 – 
28 2-Nonanone 12.52 1091 1091 0.05 – – 0.02 
29 Linalool 12.77 1099 1099 0.56 – 2.72 – 
30 Thujone 12.95 1104 1104 – – 0.22 – 
31 Bornyl methyl ether 13.18 1112 1116 0.06 – – – 
32 Unknown 13.25 1114 – 0.05 – – – 
33 trans-Sabinene hydrate 13.46 1121 1118 0.1 – – – 
34 Camphor 14.18 1144 1144 0.21 – 0.46 – 
35 cis-β-Terpineol 14.31 1148 1148 0.1 – – – 
36 Citronellal 14.41 1151 1151 0.12 – – – 
37 Isoborneol 14.58 1157 1157 0.04 – 0.81 – 
38 cis-Verbenol 14.78 1163 1163 0.35 – – – 
39 p-menthone 14.79 1164 1165 – – 0.45 – 
40 Borneol 14.89 1167 1167 2.88 0.76 – – 
41 l-menthol 15.06 1171 1171 – – 0.53 – 
42 Terpinen-4-ol 15.2 1176 1176 0.2 – 2.74 – 
43 trans-2-Caren-4-ol 15.32 1181 1178 0.28 – – – 
44 α-Terpineol 15.63 1190 1190 1.63 0.19 0.43 – 
45 Methyl salicylate 15.74 1194 1194 – – – 0.06 
46 Myrtenol 15.81 1196 1196 0.11 – – – 
47 Estragole 15.84 1201 1201 – – 2.16 – 
48 Decanal 16 1203 1203 0.07 – – – 
49 Citronellol 16.75 1229 1229 1.39 – – – 
50 Methyl thymol ether 16.91 1231 1231 – – 0.27 – 
51 Pulegone 17.09 1235 1235 – – – – 
52 Neral 17.17 1243 1243 2.04 1.73 – – 
53 Isothymol methyl ether 17.18 1244 1244 – – 0.14 – 
54 Carvone 17.23 1246 1246 – – 0.6 – 
55 Geraniol 17.56 1257 1257 2.39 0.55 – – 
56 2(E)-Decenal 17.69 1261 1262 0.09 – – – 
57 Geranial 18.06 1275 1275 3.11 2.38 – – 
58 p-Anethole 18.43 1287 1286 – – 1.85 – 
59 Bornyl acetate 18.45 1288 1288 0.64 0.04 – – 
60 2-Undecanone 18.6 1293 1293 0.42 – – – 
61 Thymol 18.69 1295 1295 – – 40.56 – 
62 Menthyl acetate 18.78 1300 1300 – – 0.41 – 
63 Carvacrol 18.96 1304 1304 – – 1.51 – 
64 δ-Elemene 19.89 1338 1338 0.18 – – – 
65 Citronellol acetate 20.27 1352 1352 0.27 – – – 
66 Eugenol 20.64 1365 1365 – – – 54.28 
67 cis-Isoeugenol 20.7 1367 1366 – – – 15.87 
68 Cyclosativene 20.72 1367 1368 0.32 – – – 
69 α-ylangene 20.98 1375 1375 – – 0.08 – 
70 α-Copaene 20.99 1377 1377 0.58 – – 0.12 
71 Nerol acetate 21.13 1382 1381 1.31 – – – 
72 β-Elemene 21.43 1392 1392 0.69 – – – 
73 Methyleugenol 21.74 1402 1402 – – 0.08 – 

(continued on next page) 
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α-curcumene. These results were in good agreement with the previously 
reported data by Singh et al. (2004) and Nampoothiri et al. (2012). 

When compared with the Brazilian variant, the Egyptian sample 
showed higher abundance of zingiberene, camphene and β-sesqui-
phellandrene but less content of all other metabolites especially α-cur-
cumene and 1,8-cineole. Furthermore, no oxygenated sesquiterpenes 
were detected in the Egyptian sample compared to 13 sesquiterpenoids 
identified in the Brazilian variant. Interestingly, the monoterpene al-
dehydes neral and geranial, previously demonstrated to be deficient in 
Brazilian ginger, were detected at 5.1%, collectively (Kizhakkayil & 
Sasikumar, 2012). The rich matrix of the Brazilian ginger EO compared 
to the Egyptian oil was encouraging for use in subsequent steps. 

In Thymus vulgaris L. EO (yield of 0.9% v/w), 41 volatiles were 
identified accounting for 100% of the oil (Table 1). The major constit-
uents were thymol (40.6%), p-cymene (33.8%), terpinen-4-ol (2.74%) 
and linalool (2.72%), revealing that the plant belongs to thymol che-
motype (Fig. 2). Thymol and carvacrol chemotypes are characterized by 

their phenolic nature, distinctive from other chemotypes of Thymus 
vulgaris. Oxygenated monoterpenes dominated the EO accounting for 
52.7% of all detected metabolites (Fig. 1). These results were in line with 
previous reports demonstrated that thymol chemotype contains sub-
stantial levels of p-cymene, a biosynthetic precursor of thymol (Samah & 
Hoda, 2021). Furthermore, the obtained profile corroborates the pre-
vious data reported by Viuda-Martos et al. (2011); Rayssa et al. (2015); 
Samah and Hoda (2021) with less concentrations of thymol (40.6% vs 
48%) and its biosynthetic precursor γ-terpinene (2.7% vs 21%). On the 
other hand, Omidbeygi et al. (2007) and Razzaghi-Abyaneh et al. (2008) 
showed great variation in the major constituents, such as 17.4–71% 
thymol; 10–56% p-cymene, 12.1–24.5% carvacrol and 2.6–85.5% 
limonene. 

The phenolic constituents of thyme; thymol and carvacrol are 
responsible for the outstanding antimicrobial activity of T. vulgaris EO. 
Indeed, thymol was reported to exert antioxidant, antiseptic, antibac-
terial and antifungal effects, besides other interesting biological 

Table 1 (continued ) 

N◦ Metabolitea RT (min) RI expb RI litc Area% 

Brazilian ginger Egyptian ginger Thyme Clove 

74 α-Bergamotene 21.75 1404 1407 0.31 – – – 
75 Caryophyllene 22.22 1422 1422 0.09 – 1.88 25.4 
76 trans-α-Bergamotene 22.57 1436 1436 0.17 – 0.14 – 
77 α-Guaiene 22.98 1452 1452 0.05 – – – 
78 cis-β-Farnesene 23.09 1456 1456 0.63 – – – 
79 Humulene 23.12 1457 1457 – – 0.09 2.53 
80 Alloaromadendrene 23.34 1466 1466 0.25 – – – 
81 Muurolene 23.69 1480 1480 – – 0.05 – 
82 Eremophilene 23.72 1481 1482 0.37 – – – 
83 α-Amorphene 23.78 1483 1484 – – 0.09 0.04 
84 α-Curcumene 23.86 1486 1486 5.45 1.42 – – 
85 β-Selinene 24.01 1492 1492 0.09 – – – 
86 Zingiberene 24.32 1504 1504 13.37 47.56 – – 
87 D-Germacrene 24.29 1506 1506 – 0.37 – – 
88 α-Farnesene 24.51 1512 1512 2.44 0.88 – – 
89 β-Bisabolene 24.57 1514 1514 3.91 2.26 – – 
90 γ-Muurolene 24.68 1518 1515 – – 0.12 – 
91 Epi-Bicyclosesquiphellandrene 24.73 1520 1521 0.26 – – – 
92 β-Cadinene 24.81 1523 1523 0.05 – – – 
93 δ-Cadinene 24.89 1527 1527 – – 0.14 – 
94 Acetyleugenol 24.96 1529 1526 – – – 1.44 
95 β-Sesquiphellandrene 24.98 1531 1531 2.59 5.94 – – 
96 Unknown 25.13 1536 – 0.27 – – 0.03 
97 β-Vatirenene 25.41 1547 1547 0.14 – – – 
98 Elemol 25.6 1555 1551 0.23 – – – 
99 cis-Sesquisabinene hydrate 25.65 1556 1559 0.19 – – – 
100 trans-Nerolidol 25.85 1564 1564 0.6 – – – 
101 Caryophyllene oxide 26.48 1589 1589 – – 0.09 0.09 
102 trans-Sesquisabinene hydrate 26.57 1592 1594 0.36 – – – 
103 7-epi-cis-Sesquisabinene hydrate 27.14 1616 1586 0.6 – – – 
104 8-epi-γ-Eudesmol 27.4 1627 1622 0.18 – – – 
105 trans-Cadinol 27.89 1649 1637 0.01 – – – 
106 β-Eudesmol 28.13 1659 1659 0.17 – – – 
107 γ-Eudesmol 28.19 1662 1660 0.06 – – – 
108 β-bisabolol 28.47 1674 1674 0.05 – – – 
109 Cedreanol 29.09 1701 1675 0.13 – – – 
110 cis-Lanceol 29.48 1718 1739 0.05 – – – 
111 trans,trans-Farnesal 30.09 1744 1745 0.03 – – – 
Total identified% 99.77 100 100 99.98 
Monoterpene hydrocarbons 33.73 30.87 39.89 – 
Oxygenated monoterpenes 28.94 10.68 52.71 – 
Sesquiterpene hydrocarbons 31.93 58.43 2.59 28.09 
Oxygenated sesquiterpenes 2.67 – 0.09 0.09 
Phenylpropenes – – 4.09 71.59 
Others 2.52 0.02 0.63 0.21  

a All compounds were identified by comparing their mass spectra and retention indices (RI) with those available on NIST Mass Spectral Library (2011), Wiley 
Registry of Mass Spectral Data 8th edition and literature.  

b Retention index calculated experimentally on Rtx-5MS column with reference to C8–C28 n-alkanes series.  

c Kovats retention index published in literature.  

L.I. Ahmed et al.                                                                                                                                                                                                                                



Food Bioscience 42 (2021) 101177

6

activities e.g. anti-inflammatory, antinociceptive, local anesthetic and 
cicatrizing activities (Marchese et al., 2016). Furthermore, thymol and 
other volatile constituents e.g. carvacrol, p-cymene, menthol and limo-
nene were approved for use by the US Food and Drug Administration 
(FDA), as food additives. It is noteworthy that specific mixtures of sec-
ondary metabolites in EO can have different biological effects than the 
major EO constituents due to the synergy of certain components or the 
potent biological activity of minor constituents (Bassolé & Juliani, 2012; 
Setzer et al., 2007). 

Hydrodistillation of Syzygium aromaticum flower buds resulted in EO 
yield of 2% (v/w). Clove EO demonstrated the presence of 13 metabo-
lites dominated by phenylpropenes (Fig. 1) especially eugenol (54.3%) 
and its isomer cis-isoeugenol (15.9%), as illustrated in Table (1). 
Considerable amounts of the sesquiterpene caryophyllene were also 
detected (25.4%). These results agreed with Gyawali and Ibrahim 
(2014) who stated that eugenol was the major bioactive compound of 
clove oil but with percentage reached 75–85. Furthermore, absence of 
monoterpenes in clove oil was in line with the work cited by Teixeira 
et al. (2013). The major clove oil constituent eugenol exhibits 
broad-spectrum antimicrobial activity where it gained great interest in 
intervention strategies to control pathogenic and food spoilage bacteria 

e.g. Listeria monocitogenes, E. coli and methicillin-resistant S. aureus in 
meat and milk products (Batiha et al., 2020; Shah et al., 2013; Yadav 
et al., 2015). Moreover, this guaiacol derivative demonstrated signifi-
cant gastroprotective effect by decreasing gastric acid and increasing 
gastric mucin production (Oliveira et al., 2014). Furthermore, eugenol 
inhibited the growth of the human gastric pathogen Helicobacter pylori at 
concentrations as low as 2 μg/mL (Ali et al., 2005). 

3.2. Antimicrobial activity 

The examined EOs revealed inhibition zones of diameter ranging 
from 13 to 27 mm against the tested strains, and MIC value of 0.001% 
(0.01 mg/mL) with different degrees of microbial sensitivity, which may 
result from the difference in the structure of the bacterial cell wall; 
Gram-positive bacterial cell wall approximately consists of 90–95% 
peptidoglycan that allows the hydrophobic molecules to penetrate the 
cells and act on both the cell wall and within the cytoplasm. On the 
contrary, Gram-negative bacterial cell wall is more complex. The 
peptidoglycan layer is 2–3 nm thicker than that of the Gram-positive 
bacteria and is covered by an outer membrane that contains various 
proteins along with lipopolysaccharides (LPS) which made Gram- 
negative bacteria to be more resistant to EOs and the other natural 
antimicrobial compounds (Filomena et al., 2013). Most of the examined 
strains were very sensitive to ginger oil (0.001%) except E. coli that was 
sensitive and P. aeruginosa which was extremely sensitive. S. aureus was 
the most sensitive strain to thyme oil (0.01 mg/mL), whereas 
P. aeruginosa and P. fluorescens were the most affected by 0.001% clove 
oil (Tables 2 and 3; Fig. S1). These sensitivity outcomes were determined 
according to the classification of oils sensitivity by the diameter of the 
inhibition zones cited by Ponce et al. (2003) and Moreira et al. (2005). 

EOs with high percentage of phenolic compounds, e.g. thymol, 
carvacrol and eugenol possess the strongest antimicrobial properties 
against foodborne and spoilage pathogens. Owing to their lipophilic 
nature, EOs can easily penetrate bacterial cell membranes destabilizing 
cellular structures, destroying the membrane integrity, and increasing 
the cell permeability. This leads to leakage of macromolecular compo-
nents such as nucleic acids and proteins, loss of ions, alteration of proton 
pumps, depletion of ATP (Gyawali & Ibrahim, 2014; Zhang et al., 2016) 
and disruption of bacterial metabolic activities (Swamy et al., 2016, p. 
3012462). EOs exert antifungal actions in nearly similar mechanisms via 
a direct contact with the fungus. EOs penetrate and alter the fungal cell 

Fig. 1. Classes of volatile constituents in the examined EOs; MT-HC: mono-
terpene hydrocarbons, Ox-MT: oxygenated monoterpenes, ST-HC: sesquiter-
pene hydrocarbons, Ox-ST: oxygenated sesquiterpenes, and PP: 
phenylpropenes. 

Fig. 2. Chemical structures of major volatiles in ginger EO; camphene (1), zingiberene (2), 1,8-cineole (3), β-phellandrene (4), α-pinene (5), α-curcumene (6) and 
β-sesquiphellandrene (7); thyme EO: thymol (8), p-cymene (9) and terpinen-4-ol (10) and clove EO: eugenol (11), cis-isoeugenol (12) and caryophyllene (13). 
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wall and cytoplasmic membranes by a permeabilization process, which 
disintegrate the mitochondrial membranes (Swamy et al., 2016, p. 
3012462). 

The obtained in vitro results proved the antimicrobial efficiency of 
ginger oil against all tested strains including the most resistant bacterial 
strain P. aeruginosa (Pang et al., 2019), which can be attributed to the 
sesquiterpene hydrocarbons α-curcumene and zingiberene. However, 
the interplay of oxygenated compounds as the monoterpenoid aldehydes 
neral and geranial cannot be excluded (Beristain-Bauza et al., 2019; 
Wang et al., 2020). 

These results were nearly in accordance with Auta et al. (2011) who 
revealed that ginger extract gave the widest inhibition zone at 20 
mg/mL against P. aeruginosa, while Ponmurugan and Shyamkumar 

(2012) found that ginger extract had good antibacterial activity against 
S. aureus (13.55 mm diameter of inhibition zone), E. coli (15.5 mm) and 
P. aeruginosa (14.45 mm). Neihaya et al. (2015) reported that ginger 
extracts had antibacterial activity against Streptococcus spp. and E.coli. 
Abdullahi et al. (2016) mentioned that 5–6 μL/mL demonstrated good 
antifungal effect. On the other hand, different findings recorded that 
ginger EO produced a very limited inhibition against E. coli at 5 &10 
μL/mL (Khaled et al., 2017). 

Thyme oil exhibited good antibacterial effect against the tested mi-
croorganisms which can be attributed to its main component thymol as 
well as carvacrol that induce structural and functional damages to the 
cytoplasmic membrane (García-Salinas et al., 2018; Hyldgaard et al., 
2012). Unlike our results that proved the efficiency of 0.001% thyme oil 
against P. aeruginosa, Oulkheir et al. (2017) stated that P. aeruginosa was 
not affected by thyme oil. On the other hand, higher MIC value of 1.56% 
against E. coli was reported by Nzeako et al. (2006), p. 0.5% against 
S. aureus and E. coli by Ayah and Saad (2016), in addition to Carvalho 
et al. (2018) who revealed higher MIC of 0.78, 1.56 and 0.78% against 
E. coli ATCC 25922, E. faecalis ATCC 29212 and S. aureus ATCC 29213, 
respectively. 

Fungi are widely distributed in nature and are able to spoil many 
foods such as wines, cheese, beverages, juices, fruits, salads, and meat 
owing to their higher resistance to food intrinsic factors (Mohamed 
et al., 2020). Thyme oil showed good antifungal activity, and this was 
nearly in line with that was reported by Lima et al. (2013), Abbaszadeh 
et al. (2014) and Puškárová et al. (2017). 

Interestingly, growth of all tested bacterial as well as fungal strains 
with subsequent mycotoxins production was inhibited by clove oil 
owing to its high content of eugenol. The latter was reported to 
demonstrate strong antimicrobial activities via denaturing proteins and 
reacting with cell membrane phospholipids changing their permeability 
with subsequent inhibition of a great number of Gram-negative and 
Gram-positive bacteria and different types of yeast (Bhavaniramya et al., 
2019; Kovács et al., 2016; Liu et al., 2017; Puškárová et al., 2017). 

These results were congruent with Friedman et al. (2002) and López 
et al. (2005) who proved the inhibitory effect of clove oil against 
foodborne Gram-positive bacteria (S. aureus, E. faecalis and 
L. monocytogenes), Gram-negative bacteria (verotoxin-producing E. coli 
and P. aeruginosa) and fungi (Aspergillus and Candida), Nuñez and 
Aquino (2012), Swamy et al. (2016, p. 3012462), Oulkheir et al. (2017) 
and Carvalho et al. (2018) who recorded an MIC of 0.195% of clove oil 
against E. coli ATCC 25922, E. faecalis ATCC 29212 and S. aureus ATCC 
29213. 

3.3. Cytotoxic activity 

Ginger, thyme, and clove EOs demonstrated good to very weak 
cytotoxic activity against the human hepatocellular carcinoma cell line 
HepG2 (Fig. 3A) with CC50 values of 6.31, 12.46 and 452.95 μg/mL, 
respectively, compared to 8.5 μg/mL for doxorubicin (Table 4). This was 
congruent with previous studies which proved the cytotoxic effect of 
ginger and thyme EOs against HepG2 and other cancer cell lines such as 
Dalton’s Lymphoma Ascites (DLA), Ehrlich Ascites Carcinoma (EAC), 
human cervical cancer (HeLa), breast cancer (MCF-7) and leukemia 
(HL60) cell lines (Jeena et al., 2015; Lee, 2016; Santos et al., 2016). 
Diverse mechanisms were suggested to mediate the cytotoxic effects of 
EOs including disruption of cellular metabolism, depolarization and 
permeabilization of cellular membranes, inactivation of 
membrane-associated enzymes and induction of apoptosis (Reichling 
et al., 2009). However, it should be noted that in vitro cytotoxicity data 
cannot be extrapolated to fully reflect the in vivo toxicity, because 
biotransformation reactions and tissue structures cannot be imitated in 
cell lines (Prashar et al., 2006). 

Interestingly, clove oil only marginally inhibited the proliferation of 
HepG2 cells (Fig. 3A). This was in accordance with previously reported 
data showing that Egyptian clove oil demonstrated no cytotoxic activity 

Table 2 
Antimicrobial activity of the examined EOs on various bacterial and fungal 
strains.   

Tested strains 
Inhibition Zone Diameter (mm) 

Ginger oil Concentrations (%) 

0.5 0.3 0.1 0.05 0.01 0.001 

S. aureus 26 24 17 17 16.5 17 
E. coli 15 15 15 15 14.5 14 
E. Faecalis 26 24 17 16.5 15 15 
P. aeruginosa 27 24 23 21 21 21 
P. fluorescens 25 23 19 19 18 18 
C. albicans 21.5 20 16 16 16 16 
A. parasiticus 27 24 23 19 15 15  

Thyme oil concentration (%) 
0.5 0.3 0.1 0.05 0.01 0.001 

S. aureus 22 20 18 17 20 22 
E. coli 20 18 16 14 15 15 
E. Faecalis 24 28 18 13 15 15 
P. aeruginosa 28 22 22 21 18 18 
P. fluorescens 24 24 22 16 15 14 
C. albicans 28 27 16 16 16 14 
A. parasiticus 25 24 24 21 21 19  

Clove oil concentration (%) 
0.5 0.3 0.1 0.05 0.01 0.001 

S. aureus 18 18 17 17 17 17 
E. coli 20 19 17 17 15.5 17 
E. Faecalis 18.5 18 18 16 17 17 
P. aeruginosa 25 24 22 18 20 23 
P. fluorescens 25 20 16 15 24 24 
C. albicans 16.5 14.5 14.5 15 16 16 
A. parasiticus 24.5 23.5 21 18 15 18  

Table 3 
Minimum inhibitory concentration (MIC) values of the tested EOs against the 
examined microorganisms.  

Tested strains Essential oils (%v/v) 

Ginger Clove Thyme 

S. aureus 0.001 
VS 

0.001 
VS 

0.001 
ES 

E. coli 0.001 
S 

0.001 
VS 

0.001 
VS 

Ent. faecalis 0.001 
VS 

0.001 
VS 

0.001 
VS 

P. aeruginosa 0.001 
ES 

0.001 
ES 

0.001 
VS 

P. fluorescens 0.001 
VS 

0.001 
ES 

0.001 
S 

C. albicans 0.001 
VS 

0.001 
VS 

0.001 
S 

A. parasiticus 0.001 
VS 

0.001 
VS 

0.001 
ES 

(S) Sensitive (+) for total diameter 9–14 mm. 
(VS)Very sensitive (++) for total diameter 15–19 mm. 
(ES) Extremely sensitive (+++) for total diameter ˃20 mm. 
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against the aforementioned cell line (Ramadan et al., 2015). Indeed, 
clove oil and its major ingredient, eugenol are generally recognized as 
safe (GRAS), approved by the FDA for use as food additives. According 
to the Joint FAO/WHO Expert Committee on Food Additives, the 
acceptable daily intake of eugenol is up to 2.5 mg/kg bodyweight for 
humans (Joint, 2006). Clove oil and eugenol were shown to elicit a 
hypolipidemic and hepatoprotective effects mediated by improving the 
antioxidant defense as well as modulating acetylcholinesterase activity 
(El-Hadary & Ramadan, 2016; Harb et al., 2019; Nikbin et al., 2020). 

The cytotoxic effect observed for thyme and ginger oils on HepG2 
prompted us to evaluate the cytotoxicity on normal cells (Fig. 3B). The 
examined EOs demonstrated very low cytotoxicity on normal human 
lung fibroblasts cell line (WI-38) with CC50 values ranging from 728.94 
to 841.66 μg/mL (Table 4), indicating that ginger and thyme oils spe-
cifically exhibit cytotoxic effect against cancerous rather than normal 
cells with selectivity index of 131.6 and 67.5, respectively. These find-
ings were in line with the previous reports which demonstrated that 
ginger oil had no cytotoxic effect against normal vero cell line (IC50 >

100 μg/mL) while demonstrating good cytotoxicity against DLA, EAC 
and L929 cancer cell lines (Jeena et al., 2015). Additionally, ginger oil is 
safe in rats after sub-chronic oral administration of up to 500 mg/kg/day 
(Jeena et al., 2011). Moreover, ginger oil and extracts displayed hepato-, 
nephro- and gonadoprotective role in animal models (Fahmi et al., 2019; 
Gabr et al., 2019). Similarly, thyme was shown to induce necrotic cell 
death in human lung cancer cells while displaying no effect on the 
viability of human normal epithelial cells (Oliviero et al., 2016). 
Examined oils can be considered safe for human consumption at the 
studied concentrations. 

3.4. Sensory characterization of fortified fresh soft cheese 

The sensorial impact should be considered when fortifying dairy 
products with EOs as they often have a strong flavor that can alter their 
taste or exceed the acceptable flavor thresholds. Therefore, optimizing 
the minimum EOs concentrations to achieve the desired antimicrobial 
activity without adversely influencing the organoleptic acceptability is 
indispensable (Moro et al., 2015). Among plant extracts and EOs used in 

cheese preservation, oregano, black cumin, green pepper, thyme, and 
lemongrass resulted in good sensory acceptability (Ahmed et al., 2015; 
Govaris et al., 2011; Hassanien et al., 2014). 

Laboratory manufactured fresh soft cheese fortified with 0.01% 
ginger and thyme oils scored grade A concerning overall sensory 
acceptability throughout the storage period of 1 month at 4 ◦C with the 
highest degrees in the first two weeks, while fortification with 0.01% 
clove oil produced cheese with grade An until the third week. On the 
other hand, 0.05% of the tested oils achieved grade A in the first two 
weeks and grade B in the last two weeks (Table 5). 

Cheese fortified with 0.01% ginger oil achieved good flavor score 
that was nearly similar to that of the control cheese samples until the end 
of the first week, then decreased to poor during the last two weeks of 
storage period. On the other hand, thyme and clove fortified cheese 
presented better flavor score. Cheese fortified with 0.01% thyme & clove 
oils recorded good flavor score until the end of second week approxi-
mately as that of control samples and fair during the remaining storage 
period of thyme fortified cheese and poor for clove fortified cheese. 
Cheese fortified with 0.05% EOs achieved poor flavor score from 
manufacturing time till the end of storage period owing to their strong 
flavor and bitter taste. However, they displayed grade A score in overall 
acceptability (Fig. 4 & Table 5). 

It is noticeable that there was significant statistical effect of storage 
time on the flavor score within the different groups (control and 
different treatment groups), F (4, 3) = 8.65, P = 0.054. Mauchly’s test of 
sphericity indicated that the assumption of sphericity had not been 
violated, X2 (9) = 11.636, P = 0.265. Statistically significant relation-
ship between the different fortified cheese samples with EOs along the 
storage time was also observed. 

Cheese texture, color and style were not affected by fortification with 
the studied EOs. On the contrary, they were improved throughout the 
storage period in comparison to the control cheese samples. Cheese 
flavor took another way throughout the storage period (Fig. 4). 
Although flavor scores during the last two weeks for nearly all tested oils 
were low, they were higher than that of control cheese samples which 
became deteriorated at the fourth week. Consequently, incorporation of 
lower concentrations of EOs into cheese appeared to improve the overall 
acceptability in addition to sensory properties particularly the flavor 
score to some extent in comparison to control cheese samples manu-
factured and stored under the same condition. Indeed, some studies 
recommended the limited use of EOs because of their influence on 
organoleptic properties of cheese especially their flavor (Samah & 
Ahmed, 2019). 

These results are in agreement with Sonia (2011). On the other hand, 
Ayah and Saad (2016) reported that cheese fortified with thyme oil 
scored grade B until the end of second week then grade C on third and 
fourth weeks in relation to the overall acceptability, while flavor scored 
35 till the end of second week then 32 in the third week and 29 in the 
fourth week of storage with slightly bitter almond flavor in addition to 

Fig. 3. Viability of HepG2 (A) and WI38 (B) cells treated with ginger, thyme and clove EOs.  

Table 4 
Cytotoxic activity of examined EOs against hepatocellular carcinoma cell line 
(HepG2) and normal human lung fibroblasts cell line (WI-38).  

Sample CC50 (μg/mL) 

HepG2 WI-38 

Ginger oil 6.31 830.34 
Thyme oil 12.46 841.66 
Clove oil 452.95 728.94 
Doxorubicin 8.5 NI  
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non-significant effect on the average texture score. 

3.5. Viability of S. aureus and P. aeruginosa in inoculated fortified fresh 
soft cheese 

Different food borne outbreaks were reported as a result of con-
sumption of different types of dairy products including cheese (WHO, 

2002). Chemical preservatives like sulfites, nitrates, nitrites, sorbates, 
and antibiotics have been widely used as an effective control method for 
food borne pathogens as well as spoilage ones. Nevertheless, the use of 
synthetic preservatives was associated with harmful health effects 
alongside the development of multiple drugs resistance (MDR) (Ahmed, 
Heba, et al., 2015; Ansari et al., 2006). Consequently, alternative ap-
proaches that are natural, safe, and eco-friendly were sought to ensure 

Table 5 
Sensory evaluation of the fortified laboratory manufactured fresh soft cheese with the studied essential oils.   

Grade 
Score  

Zero time Week 1 Week 2 Week 3 Week 4 

EO concentrations %  

0.05 0.01 0.05 0.01 0.05 0.01 0.05 0.01 0.05 0.01 

Ginger oil 
Flavor 40 37.5 39 37.5 38.5 34 36 33 35 32 34 
Texture 40 38.5 38.5 39 39 39 39 37 38 38 38 
Color 10 10 10 10 10 10 10 10 10 10 10 
Salt 5 5 5 5 5 5 5 5 5 5 5 
Style 5 5 5 5 5 5 5 5 5 5 5 
Overall acceptability 100 96 97.5 96.5 97.5 93 95 90 93 90 92 
Grade  A A A A A A B A B A 
Thyme oil 
Flavor 40 35 39 35 38 33 38 33 37 32 36 
Texture 40 39 39 39 39 38.5 38.5 38 38 38 38 
Color 10 10 10 10 10 10 10 9 9 9 9 
Salt 5 5 5 5 5 5 5 5 5 5 5 
Style 5 5 5 5 5 5 5 4.5 4.5 4.5 4.5 
Overall acceptability 100 94 98 94 97 91.5 96.5 89.5 93.5 88.5 92.5 
Grade  A A A A A A B A B A 
Clove oil 
Flavor 40 34.5 38 35 38.5 34 38 33 35 30 34 
Texture 40 38.5 38.5 38.5 39 38.5 38.5 38 38 37 37 
Color 10 10 10 10 10 10 10 9 9 9 9 
Salt 5 5 5 5 5 5 5 5 5 5 5 
Style 5 5 5 5 5 5 5 4.5 4.5 4.5 4.5 
Overall acceptability 100 93 96.5 93.5 97.5 92.5 96.5 89.5 91.5 85.5 89.5 
Grade  A A A A A A B A B B 
Negative control 
Flavor 40 38 38 38 35 30 
Texture 40 38 38 38 37 36 
Color 10 9 9 9 9 8 
salt 5 5 5 5 5 5 
Style 5 5 5 4.5 4 4 
Overall acceptability 100 96 95 94.5 90 83 
Grade  A A A B B 

Overall acceptability: Grade A (Excellent): >90%, Grade B (Good): 80–90%, Grade C (Fair): 60–80% and Grade D (Poor): <59%. 

Fig. 4. Influence of the studied EOs on cheese flavor (A) and overall acceptability (B) scores during the storage period.  
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food safety and quality (Lee & Paik, 2016; Pisoschi et al., 2018). Among 
these alternatives, EOs are of great concern with their pronounced 
antimicrobial and antioxidant potential. A number of EOs has been 
registered by European Commission to control food pathogens and a 
GRAS status has been attributed to these EOs by FDA (Bajpai et al., 
2011). 

Microbial inhibition inside cheese matrix requires higher EOs con-
centration than the ones tested in vitro because of the high content of 
proteins and lipids in cheese (Moro et al., 2015). Fats play a protective 
role of the bacterial cells against antimicrobial agents; moreover, the 
higher protein content in low-fat cheese can contribute to the reduction 
of EOs activity through the formation of complexes with the phenolic 
compounds in EOs (Gutierrez et al., 2008; Khorshidian et al., 2018). In 
agreement with such proposition, Shan et al. (2011) reported that MIC 
of pomegranate EO against S. aureus (105 cfu/mL) was higher than 2.5 
mg/mL in a culture medium, while the concentration of 40 mg/mL in 
cheddar cheese failed to inhibit the same population. Similarly, Cava 
et al. (2007) reported that the antimicrobial efficacy of clove oil was 
lowered in milk with high fat content in comparison to skim milk. 
Additionally, the external factors such as the storage temperature, 
packaging, concentration of the initial inoculums and the type of 
microorganism can interfere with the natural antimicrobial efficiency 
(Burt, 2004). Therefore, 0.01% (0.1 mg/mL) of ginger and thyme EOs 
were used in the study although 0.001% (0.01 mg/mL) was the MIC 
against the tested microorganisms in vitro. 

Total S. aureus count inoculated into milk used for cheese manu-
facture was 4 (test) and 4.26 log10/mL (control). Slight reduction in 
S. aureus count was observed after 48 h of manufacturing process, then 
the microorganism disappeared from thyme-fortified cheese with the 
reduction percentage of 100% by the end of the first week, while in 
ginger-fortified cheese; S.aureus disappeared at the end of the second 
week (Fig. 5,6). Viability results showed significant effect of storage 
time on S. aureus count in cheese control and EOs treated groups. There 
was a statistically significant difference between groups as demon-
strated by one-way ANOVA, [F(2,15) = 9.6, P = 0.002]. A Tukey HSD 
post hoc test for comparisons showed that there was a statistically sig-
nificant difference between control group, and thyme treated group (P 
= 0.004) and between control group, and ginger treated group (P =
0.005). 

The obtained results illustrated the inhibitory effect of EOs under 
study against the pathogenic methicillin-resistant enterotoxin-produc-
ing S. aureus that was mainly reported in cheese produced under poor 
hygienic conditions and endanger the consumers’ health. The results 
were in line with Belewu et al. (2005) who recorded that ginger extract 
was the most active among other tested plant extracts to reduce the 
microbial load and prolong the shelf life of west African soft cheese 
stored for 15 days. Nevertheless, Ayah and Saad (2016) found that 

thyme oil reduced S. aureus count in white soft cheese from 3.61 to 1.3 
log10/g by the end of fourth week. 

P. aeruginosa affects cheese quality owing to its proteolytic and 
lipolytic activities via producing slimness, bitter taste and off flavors in 
addition to color defect. On the other hand, P. aeruginosa has great 
public health significance and might invade the body causing destruc-
tive lesions or septicemia and meningitis (Arslan et al., 2011). 

P. aeruginosa initial count during the manufacture of fresh soft cheese 
was 8 (test) & 8.54 log10/mL (control). After completion of the 
manufacturing process; the inoculated P. aeruginosa had much increased 
to 11.7 (ginger cheese), 12 (thyme cheese) and 14.05 log10/g (control). 
By the end of the first week, P. aeruginosa count decreased dramatically 
in test samples to around 6 log10/g with reduction percent of 42.82 & 
47.67 in ginger and thyme fortified cheeses, respectively and persisted 
nearly at this level throughout the remaining storage period, while in the 
control samples, count continuously increased to around 20 log10/g with 
persistence at this count until deterioration occurred at the end of the 
third week (Fig. S2). 

Kruskal-Wallis H and Mann–Whitney U tests was applied to clear the 
effect of storage time and the type of EO used on the count of 
P. aeruginosa. Results showed non-significant difference between control 
group and EOs-treated groups (χ2(2) = 5.62, P = 0.060; Kruskal-Wallis H 
test); otherwise, Mann–Whitney U test showed that P. aeruginosa counts 
of ginger and thyme groups were significantly lower than that of control 
group (Mann–Whitney U = 9, P = 0.053) and (U = 9, P = 0.048), 
respectively. 

The study mirrored the good antimicrobial effect of ginger and 
thyme EOs against P. aeruginosa inside the cheese matrix through 
reduction% reached 44.1 & 52.5, respectively by the end of the storage 
period with lower concentration (0.1 mg/mL) in comparison to Gam-
mariello et al. (2015) who revealed that 1.5 mg/g thyme EO inhibited 
the growth of Pseudomonas spp inside Fior di Latte cheese at 10 ◦C and 
unlike Wilkinson et al. (2003) who found P. aeruginosa as a 
Gram-negative bacterium less sensitive to EOs. 

4. Conclusion 

The exploitation of EOs in food industry to control food-borne 
pathogenic and spoilage micro-organisms is on the rise due to their 
inherent antimicrobial potential and their complex nature which in-
volves the interplay of various mechanisms of action and synergism thus 
preventing the emergence of microbial resistance. In this context, the EO 
of ginger, thyme, and clove profiled for their phytochemical composi-
tion, proved potent inhibitory effects against the food-borne pathogens 
S. aureus, E. faecalis and E. coli in addition to other spoilage bacteria and 
fungi in vitro. In fresh soft cheese model inoculated with S. aureus and P. 
aeruginosa, the examined oils displayed significant antimicrobial action 

Fig. 5. Impact of ginger and thyme EOs on viability of S. aureus (A) and P. aeruginosa (B) during the storage period of inoculated fresh soft cheese.  
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during the storage period of 1 month at 4 ◦C together with an 
improvement in organoleptic properties. Moreover, plant processing 
was optimized to improve EO extraction yield in shorter distillation time 
and hence less energy consumption and reduced overall process cost 
through a combination of sonication, microwave irradiation and 
hydrodistillation which makes the scale-up of this technique feasible. 
The obtained ginger EO yield was much superior to Chinese, Saudi and 
Malaysian ginger varieties. Moreover, 1 kg of thyme and clove produced 
EO which can be used for processing up to 90–200 L of raw milk for 
cheese production. This illustrates the cost-effective potential of our 
approach. EOs hydrophobicity mainly contributes to their antimicrobial 
action through membrane and cell wall disintegration and disruption of 
functional cellular targets. Besides phenolic constituents e.g. thymol and 
eugenol which have been regarded as the major antimicrobial principles 
of EOs, sesquiterpenes such as α-zingiberene, β-sesquiphellandrene also 
demonstrate antimicrobial properties. Nevertheless, the overall anti-
microbial efficiency of EOs has been largely ascribed to synergistic re-
lationships of major as well as minor constituents. Ginger, thyme, and 
clove EOs manifested very low cytotoxicity on normal human lung fi-
broblasts cell line WI-38 and good to very weak cytotoxic activity 
against the human hepatocellular carcinoma cell line HepG2. Consid-
ering the losses during processing and their stability during storage, with 
their significant effect on the product aroma, more studies should be 
performed to assess the inhibitory effect of combined oils against com-
mon food-borne and food spoilage microorganisms and to extend the 
rationality of ginger, thyme, and clove EOs as food preservatives for a 
wider scope of food models. 

The study did not involve the use of human subjects. 
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López, P., Sanchez, C., Batlle, R., & Nerin, C. (2005). Solid- and vapor-phase 
antimicrobial activities of six essential oils: Susceptibility of selected food borne 
bacterial and fungal strains. Journal of Agricultural and Food Chemistry, 53(17), 
6939–6946. https://doi.org/10.1021/jf050709v 

Marchese, A., Orhan, L. E., Daglia, M., Barbieri, R., Lorenzo, A., Nabavi, S. F., Gortzi, O., 
Lzadi, M., & Nabavi, S. M. (2016). Antibacterial and antifungal activities of thymol: 
A brief review of the literature. Food Chemistry, 210, 402–414. https://doi.org/ 
10.1016/j.foodchem.2016.04.111 

Mashhadi, N. S., Ghiasvand, R., Askari, G., Hariri, M., Darvishi, L., & Mofid, M. R. (2013). 
Anti-oxidative and anti-inflammatory effects of ginger in health and physical 
activity: Review of current evidence. International Journal of Preventive Medicine, 4 
(Suppl 1), 36–42. PMC3665023. 

Mendonca, A., Jackson-Davis, A., Moutiq, R., & Thomas-Popo, E. (2018). Use of natural 
antimicrobials of plant origin to improve the microbiological safety of foods. In Food 
and feed safety systems and analysis (Vol. 2018, pp. 249–272). Amsterdam, The 
Netherlands: Elsevier, ISBN 9780128498880.  

Mohamed, S.,Y., Abeer, A. A., Lamiaa, I. A., & Neveen, S. M. (2020). Microbiological 
quality of some dairy products with special reference to the incidence of some 
biological hazards. International Journal of Dairy Science, 15(1), 28–37. https://doi. 
org/10.3923/ijds.2020.28.37 

Moreira, M. R., Ponce, A. G., de Valle, C. E., & Roura, S. I. (2005). Inhibitory parameters 
of essential oils to reduce a foodborne pathogen. Lebensmittel-Wissenschaft und 
-Technologie-LWT, 38, 565–570. https://doi.org/10.1016/j.lwt.2004.07.012 

Moro, A., Celia, M. L., Isabel, B., Amaya, Z., & Manuel, C. (2013). Mycotoxicogenic 
fungal inhibition by innovative cheese cover with aromatic plants. Journal of the 
Science of Food and Agriculture, 93, 1112–1118. https://doi.org/10.1002/jsfa.5859 

Moro, A., Celia, M. L., Isabel, B., Manuel, C., & Amaya, Z. (2015). Dairy matrix effect on 
the transference of rosemary essential oil compounds during cheese making. Journal 
of the Science of Food and Agriculture, 95, 1507–1513. https://doi.org/10.1002/ 
jsfa.6853 

Nampoothiri, S. V., Venugopalan, W., Beena, J., Sreekumar, M., & Nirmala, A. (2012). 
Comparison of essential oil composition of three ginger cultivars from sub 
Himalayan region. Asian Pacific Journal of Tropical Biomedicin, 2(3), S1347–S1350. 
https://doi.org/10.1016/S2221-1691(12)60414-6 

Neihaya, H. Z., Rasha, M. S., & Tahreer, H. (2015). Antibacterial effect of ginger and 
black pepper extract (alone and in combination) with sesame oil on some pathogenic 
bacteria. World Journal of Pharmacy and Pharmaceutical Sciences, 4, 774–784. 

Nikbin, S., Pooneh, A., Gity, M., Seyede, S., Hoseini, R., Elahe, B., Mehras, A., Leila, K., 
Fatemeh, D., Nassrin, J., & Mohammad, A. (2020). Aerobic exercise and eugenol 
supplementation ameliorated liver injury induced by chlorpyrifos via modulation 
acetylcholinesterase activation and antioxidant defense. Environmental Toxicology, 
35(7). https://doi.org/10.1002/tox.22913 
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